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ABSTRACT 

Several TIROS photographs of cumulonimbus clouds and thunderstorms over the Florida area are compared 
with synoptic surface and upper-wind data .  The orientations of the cirrus anvils of well-developed clouds generally 
show good directional agreement with the existing vertical wind shears between the lower and upper troposphere. 
Limited evidence also suggests that  the length arid character of the anvils may sometimes be used as qualitative 
indicators of shear magnitude, the longer and more pronounced anvils being positively correlated with stronger vertical 
shear. 

I n  agreement with earlier studies, it  is found that  cumulonimbus clouds often appear as relatively small or me- 
dium-sized, irregular, bright masses in TIROS pictures, hence such clouds often can be tentatively identified from 
their picture appearance alone. The anvils of well-de- 
veloped cumulonimbi, when attached t o  the parent cloud, are rather distinctive and are an aid to  identification. 

A few TIROS pictures of the Florida area under relatively clear conditions are shown for comparative purposes. 
The problems arising from specular reflection and from variations in overall photo appearance resulting from changing 
camera angle are briefly discussed. 

Such identification is still largely a subjective procedure. 

1. INTRODUCTION 
Many observers have noted an apparent relationship 

between the structure of cumuliform clouds and the 
vertical shear of the wind field in which they are embedded. 
Relatively small cumulus clouds are observed to move 
with the wind and to lean in the direction of the vertical 
shear. Larger cloud towers lean in the direction of the 
shear, but  usually to a lesser degree than the shear alone 
would indicate [I, 2, 14, 151. I n  the case of certain large 
and vigorous thunderstorms, Hitschfeld [11, 121, Fujita 
[6], and Staff Members, NSSP [19], have presented 
evidence showing that  the stems of such clouds tend to 
remain nearly upright, even in the face of strong vertical 
shear; and that  the visible effect of the shear is mainly 
concentrated a t  the cirrus level, where large plumes or 
anvils emanate from the storm and are swept downwind. 

Certain authors in the field of satellite meteorology have 
indicated that  TIROS pictures of cumulonimbus and 
thunderstorm clouds may offer clues about the upper-level 
winds, although this idea has not been intensively pursued. 
Among these, a recent article by Fet t  [5] contains a fine 
example of cumulonimbus clouds in a field of considerable 
vertical shear, as seen by TTROS V orer the South China 
Sea. The cirrus plumes are “carrot-shaped,” pointing in 
the direction of the 200-mb. flow. Whitney [20, 211 and 
Whitney and Fritz [22] have poirited out that  the severe- 
storm clouds of their studies tended toward elongation 
in the downstream direction of the upper-level winds. 
Fujita [6] and Fujita et al. [9] have used TIROS photo- 
graphs together with radar and other data in their meso- 

analyses of thunderstorms and likewise have found 
downwind elongation of the anvils. I n  one case in- 
vestigated by them (May 27, 1960, over Florida [9]) they 
found that  the anvils grew with the wind velocity at the 
cloud-top level for the first hour or so but  grew a t  a slower 
rate thereafter. Other TIROS pictures of thunderstorm 
clouds have been correlated with surface data and have 
appeared in the literature [3, 4, 101, but  the aspect of the 
clouds in relation to the wind field was not discussed in 
de tail. 

The purpose of this paper is to document a few TIROS 
satellite pictures of cumuliform clouds, particularly 
cumulonimbus and thunderstorms, with emphasis on the 
apparent relationship between the visual structure, as 
seen by TIROS, and the ambient wind field. The pic- 
tures were made over Florida and vicinity, where the sur- 
face observational network, a t  least over land, is rela- 
tirely dense; furthermore, all pictures shown in this report 
were taken within 45 niin. of the 1800 GMT synoptic hour. 
This permitted relatively good correlation in space and 
time between the surface observations and the cloud 
photographs. Rawinsonde data for 1200 and 0000 GMT 

were used to estimate the upper-air conditions a t  1800 

Over vast areas of the Tropics and subtropics, knowl- 
edge of the three-dimensional wind field is often vague and 
sometimes almost nonexistent. It is not intended to irn- 
ply that TIROS photographs are an adequate substitute 
for upper-wind reports, but  it is shown that  some infor- 
mation about the vertical structure of the wind field often 

GMT. 
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FIGURE I .-TIROS IV photographs of Florida taken a t  10-sec. intervals a t  approximately 1720 GMT, April 3, 1962. The pictures are from 
pass 778-direct and are arranged in chronological order, a through f .  
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FIGURE 2.-Same picture as in figure le, ( 

GMT, April 3, 1962. 
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Time 1721 

FIGURE 3.-Surface map for 1600 GRIT, April 3, 1962, plotted on perspective grid to fit picture shown in figure 2. The plotted data include 
only sky cover, wind, clouds, and present weather. 
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FIGURE 4.-Surfacc map for 1600 QMT, July 14, 1961, plottcd on 
convcntional (Larnbcrt conformal) map base. The plottcd data 
include only sky cover, wind, clouds, and present weather. 
Remarks pertaining t o  clouds and wcathcr also are shown. 

FIGURE 5.-TIROS I11 photograph (pass 033-dircct, frarnc 20) 
takcn a t  1811 GMT, July 14, 1961. 

FIGURE 6.--Same data as in figure 4, plotted on perspectivc grid 
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FIGURE 7.-TIROS 111 photograph taken a t  lSll GUT, July 14, 1961, with plotted surface data for IS00 GMT. (Combination of figs. 5 
and G ) .  

may be gained fro111 I'IROS photos. 
this may have sonic :ipplictLtion in d:Ltn-sparse areas. 

It is hoped that 

2. CASE OF APRIL 3, 1962 
A RELATIVELY CLEAR DAY 

This p:Lrticul:Lr situation is presented largely because 
i t  shows the nppetmtricc of the Florida area under rela- 
tively cloucl-free conditions. Figure 1 contains six con- 
secutive photographs from TTROS lV,  pass 77S-direct, 
April 3, 1962. The pictures were taken a t  10-sec. inter- 
vals, a t  approximately 1720 GMT, and are arranged in 
chronological ordcr, :L tlirough f .  The local niean solar 
time nt Mi:i~ni was very nearly 12 noon. Figure 2 is an  
enlarged \-crsiori of figure le, and figure 3 shows a por- 
tion of tlic surfacc synoptic nnnlysis for IS00 GMT, includ- 
ing plotted &ita (winds, clouds, and present weather, 

It is seen tliiit the limd area is comparnttively clear, 
with thick cloudiness existing only over t8he Atlantic and 
the western Gulf of Mexico. An area of broken cirrus 

only). 

729-085-G4---4 

nnd cirrostr:Ltus exists tilong the Gulf Coast west of S5" 
W.; this shows up in tlic pictures :is n relatively thin cloud 
niass. That  portion of the cirrus over water is a t  least 
pnrtiiilly visible, but where there is an earth background 
i t  is very difficult, if not impossible, to see. Over the 
southern portions of Alabama, Georgia, and South Caro- 
lina, the scattered cirrus reported by ground observers is 
not discernible tis such in the pictures, and the apparent 
shading over those regions ProbiLbly represcnts land 
features. A line of cumuliform clouds is visible along the 
coast of South Carolina. 

Other features of interest can be noted, such as the 
shtirp western edge of the cloud mass over the Atlantic 
(perhaps rc1:Ltcd to the position of the Gulf Stream), 
bu t  R discussion of such aspects is outside the scope of 
this paFer. However, two final items, noticeable in 
figure 1, have rather general appplication to TTROS 
photo interpretation, and exert an influence in some of 
the other pictures of this study: 

(I) The variation in relative brightness of the clouds 
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SCALE FOR WIND SPEED 
(knots1 

i 

HODOGRAPHS OF UPPER WIND DATA t2...--f 
1200 GMT, JULY 14, 1961 

FJCURE 8.-I-Iodographs of upper-wind data for 1200 GMT, July 14, 19.51. Small dots indicate standard millibar levels. 

between different TTROS pictures. I n  figures l a  and 
lb, the clouds over the western Gulf are relatirely bright, 
while those over the Atlantic appear darker. Jn figure 
If, the situation is reversed, and the clouds over the 
Atlantic appear to be the brighter. The changing angle 
of the camera influences the brightness in TIROS pictures. 
The  somewhat lion-uniform response of the vidicon within 
t.he satellite is also a factor, because successire pictures 
of the sanie area are imaged in different orientations on 
the vidicon as a result of the spinning motion of the 
satellite. Other factors aff ecting the brightness also 
exist. 

(2) The spot of specular reflection in figure I ,  which 
marches across the lakes and swampy areas of southern 
Florida from southwest to northeast. Peninsular Flor- 
ida, except for the lower east coast, was very nearly 
cloud-free a t  this time (see fig. 3) ,  and the reflective area 
is visible in netwly every picture. I n  figures l a  and Ib 

it is near the west const, then moves across the interior 
of southern Florida (c, d, and e), finally becoming 11 

diffuse area of brightness over the wind-roughened waters 
off the east coast (f). Spots or areas of specular re- 
flection often appear in over-water TIROS pictures a t  
thAt point within the picture where the sun and the camera 
are a t  equal and opposite angles. Bright spots of specular 
reflection can sometimes be misinterpreted as cloud. 

3. CASE OF JULY 14, 1961 

Figures 4 through 7 are the combined presentation of a 
TIROS IT[ picture taken a t  1811 GMT, July 14, 1961, 
and the surface synoptic data  and isobars for 1800 GMT. 

Although there is considerable redundancy in this pres- 
entation, i t  is obvious that  each figure enjoys certain 
visual advmtages not possessed by  the others. 

The grid ol-erlay for figure 7 was prepared following the 
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SCALE FOR WIND SPEED 
(knots) 

c-----__ 
WIND SHEAR BETWEEN 7 0 0 M B  

AND 250 MB 
1200 GMT. JULY 14, 1961 

076 /4  \ I 

FIGURE 9.-Wind vectors a t  700 nib. aiitl 250 mb. (light arrows) and wind shear vectors for tlic i00-2.50-tnb. layer (heavy arrows) for 1200 
GMT, July 14, 106 1. 

graphical method developed by Pujita [7]. Some slight 
errors in the construction are apparent over western Cuba. 
The superimposed geography seems to be about 20 mi. 
east of where i t  should be on the photograph. Howerer, 
the fit over Floridti and over most of the remainder of 
the picture is quite good. 

It can be seen from the plotted surface reports that  the 
larger cloud “blobs” are mtiinly cumulonimbi. Other 
investigations [3, 4, 20, 21, 221 of TIROS pictures of 
cumulonimbus clouds and thunderstorms have estab- 
lished that  such clouds tend to form in clusters and often 
appear as bright irregular blobs surrounded by relatively 
clear air, or tis splotchy cloud ninsses with relatively 
abrupt gradations in brightness.’ E\ en the smaller 
apparent cloud clcmcnts in this picture probably are 
clusters of swelling cumuli or sm:tll cumulonimbus clouds; 
and tt region of predomin:tntly fair-weather cumuli, 

such :is tlittt o\-er southern Georgia, is largely devoid of 
cumuliform :Lppearttnce, the cloud elements there being 
mostly too small to be individually resolved [4]. 

Hiser e t  d. [IO] have also investigated this particular 
photogr:tph, correlating the cloud images with WSR-57 
radtir dittft from Tampa. l‘hey found that  the precipita- 
tion echoes genernlly were contained within the brighter 
cloud masses, but  the t o t d  area occupied by echoes was 
much less th:tn th;it occupied by the cloud masses. 
Sonie of the brighter masses contained no echoes. 

Figure 8 shows the hodogmphs of’ upper-wind d a h  for 
1200 GMT. Although this is 6 hours before the time of the 

1 The size range of thun~lcrstorm clouds, as seen in TIROS pictures, covers almost the 
whole mesocalc spectrum. Small isolated cumulonimbi may lie only 3-10 mi. in diam- 
eter; howcvcr, most thunderstorms sccm to bc associated with clusters of curnulonimbi 
which appear in ’I’IROS pictures 8s blobs or siuall masses, generally 10-100 mi. in diam- 
eter. Studics By Wliitncy (20, 211 iiutl Whituey and Fri tz  I221 deal with the larger 
sizes of cumulonimbus clusters-those niorc likely to prorluco severe storms. Those are 
of the order of 100-200 mi. in tlianicter. 
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picture, there is good agreement between the general east- 
to-sout~lieast flow over lower Florida aiid the apparent 
westwitrd propagation of the clouds relative to  the penin- 
su l i~  (see fig. 5 ) .  Along the lower east coast, the westward 
clispl~~ccment of the clouds doubtless is aided by the sea- 
breeze effect, which would not have been reflected in the 
1200 GMT \vinds of figure 8. At Miami, for example, the 
lower-level flow a t  the time of the picture probably w;ts 
more strongly from the east than i t  mas 6 hours earlier 

I n  ncldition to the npparent westward propagation of 
the clouds relative to the lower peninsula, the lurger 
curnuloniiiibi reveal evidence ol vertical shear, with their 
tops seeming to  1e:m toward the west. The thunder- 
storms west of l':inipt~ have large cirrus anvils extending 
westw:brd. This is in agreement with the generiilly 
stronger easterly flow :Lbove the 300-mb. level over Tnmpa. 
The height of the mvils is not definitively known, but they 
aliiiost certainly emanate froiii levels niainly above the 300- 
nib. level and occupy a t  least a few thousand feet in the 
vertical dimension. 

In contrast to coiiclitions over lower Florida, the 
cumulonimbi between Diiytona Beach and Jacksonville 
reveal 110 eviclencc of westward iiioveiiient away from the 
coast, or of vertical shear; and the upper wiuds over 
Jixksonville are likewise in agreement, being very light 
a t  d l  levels. The surfwe minds a t  the three Jacksonville 
stations (located 10 to 30 mi. inland) remained light a d  
variable until after 2000 G m ,  indicating that  the sea 
breeze in that  areti ltacl n t  most penetrnted only a short 
dist,nnce inland a t  the time of the picture. Presuinably, 
therefore, the sea breeze had exerted no great influence 
on the clouds in that  :%rea prior to that  time. 

Becmuse the picture WLS taken at 181 1 GMT, aliiiost mid- 
way in time between the 14/1200 GMT and 15/0000 GMT 

riiwiiisoncle observiitions, one might ask why not, with 
equd  justificiLtion, use the 15/0000 Gnw data, or better yet, 
the coiitbiiied d:lta for both hours. This was not done in 
this case because the overall flow pattern was rather stable, 
showing little ch:inge between the two synoptic hours. 
Fiirttiermore, i t  could be 2Lrgucd that the cloud structures 
existing :it 1811 GMT are the result of cumulative processes 
occurring over a period of time prior to 1811 GMT, and thrit 
the 1200 CMT observ:rtioiis slioulcl therefore be given inore 
weight tlim the 0000 GMT observations (assumi~ig linear 
clianges between the two hours). For these reasons, oiily 
the 1200 GMT data iX1.e shown here, and i t  is believed that 
they are reasonably representative of conditions prior to 
1811 GMT, with tlic exception of tlie diuriial sea breeze 
noted earlier. 

Aiiiong previous invcstigtLtors coilceriied with the 
displ;~cement of h g e  convective clouds, Ligda [ 131 and 
Newton mcl I h t z  [17] found a high correlation between 
the iiiovement ol  rndr~r echoes of cumuliforni precipitn- 
tion and the 700-nib. flow. Byers and Braham [2] 
determined that  the echoes of their study moved in the 
direction of the vector nieiin wind between the gradient 

(fig. 8 ) .  

level and 20,000 ft. ,  but that they tended to move more 
slowly thnn tlie iiiean wind. Newton and Katz [17] and 
Newton :~nd Newton [lS] found that  while individual 
echoes tended to move with the mean wind, there was a 
systenintic deviation in the movement of large convective 
rainstornis of 20' t o  25' to the right of the mean wind 
direction. This they attributed to propagation, or growth 
of new cells. 

As :L first approximation, it is convenient to assuiiie that  
the cu~nuloninibus cloucl is moving with the 700-nib. wind. 
Since the lower tropospheric winds are generally rather 
light tlirough a relatively deep layer in the cases discussed 
here, the errors in this assumption should be siii:ill. 
Likewise, i t  is assuiiied that  the cirrus plumes emanating 
from the tops of cumuloninibus clouds are moving with 
the wind i L t  th:it level and are relatively uiiaffected by 
lower-layer currents. Following this reasoning, the orien- 
tation of the anvil clouds in TIROS photographs should be 
inc1ic:Lted by tlie slierlr vector between 700 nib. nncl the 
cirrus level.2 For the case of July 14, 1961, this is given in 
figure 9. The nieim pressure of the cirrus level is estininted 
to be new 250 nib. 

It is seen th:Lt the shenr vectors over southern Floricln in 
figure 9 are closely aligned with the orientation of tlie 
cirrus pluiiies over the siiiiie area in figure 5 .  Fnrtlter to 
the northwest, dong the Gulf Coast, the situation is less 
well-defined. Although cumulonimbi are reported a t  
constal stntions from Peiisacola mestmird, there are no 
noticeable anvil extensions in any particular direction de- 
spite the modcrate southerly shear between 700 nib. and 
250 nib. over that  area. The clouds appear to be smaller 
and less well-developed than those over peninsular Florida, 
aiid i t  is entirely possible that the anvils were only begin- 
ning to forin. It is also possible that  the 700-250-nib. 
vertical shear is not sufficiently representative of the more 
chaotic nature of the complete vertical wind profile over 
that area (see fig. S). Either or both of these factors may 
have contributcd to the lack of noticeable anvil extensions 
over tlie Perisacola-New Orleans region. 

In the cu~t~uIoiiimbus clouds of this study, i t  is likely 
that  there is :L tendency for those clouds over liind but 
netu coibstliiies to remain rooted to the low-level Sei%- 
breeze convergence thnt hclped to produce them. Clouds 
origimiting over such topogr:iphicwlly favorable locations 
would tt:Lve :i teitclency to remain stationary and to 
proptlgtite upstre:tni relative to the iiiean wind; and tlie 
cirrus plumes I'rom such cloucls should coiiicicle more 
nearly with the upper-level wind itself than 11-ith the shenr. 

Because the 700-nib. flow over Florida is quite light in 
this case, thcre is little difference between the shear vector 
nncl  the 250-nib. wind vector a t  iiidividutil stations, and i t  
is not possible to s i ~ y  whether the orientation of the cirrus 
plumes agrees bctter with the shear or with the 250-mb. 

2 Fujita [SI has cmploycd a similar technique in his investigation of cumulonimbi 
associated with a tropical storm over the South Pacific. TTe found that the direction 
of tlic anvils agrcctl vcry \vel1 with that of the geostrophic shear between 700 mh. and 
300 n1b. 
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wind itself, because there is n o  significant difference be- 
tween them. 

4. CASE OF AUGUST 19-21, 1965 

This 3-day period begins with the existence of a rather 
broad and not too well defined zone of cuniuloniinbi and 
showers aligned ENE-WSW across central Florida and 
adjacent waters (see pictures, fig. 10 The surface inap 
(fig. 11) reveals a weak pressure pattern, with generally 
light easterly or southeasterly flow. The plotted data 
of figure 11 also indicate the concentration of convective 
activity in the east-west zone around 28" N., but with 
scattered cumulonimbus clouds both north and south 
of this zone. 

The general appearance of the clouds in figure 10 
indicates no great amount of vertical shear in the main 
zone of convective activity. This is supported by the 
shear chart for the layer 700-200 mb. (fig. 12), which 
shows that  both the shear and the winds themselves are 
very light across central Florida. However, in the area 
west of Tampa i t  is possible to see a feathering out of the 
cirrus eastward, in agreement with the light westerly 
shear existing over Tampa. Likewise, in the cloud masses 
west and east of Jacksonville there appear to be cirrus 
extensions toward the east-northeast, in agreement with 
the directional shear over that area. 

I n  this case of August 19-21 the 200-nib. surface was 
chosen to represent the cirrus level, partly because of 
slightly greater instability and a higher tropopause than 
on July 14; but  again there is not definite knowledge of 
the mean height of the cirrus. Both the winds and the 
shear in figure 12 are vector means of theobservations 
from the two upper-air synoptic hours bracketing the 
picture time. 

On the next day, August 20, the broad zone of cumulo- 
nimbi and showers continues in an alignment roughly 
ENE-WSW across central Florida. The two TIROS 
pictures of figure 13 show that  the ENE-WSW concen- 
tration of clouds extends for considerable distances over 
the water areas on either side of Florida. The plotted 
surface data for figure 14, while failing to reveal the 
complete areal cloud distribution, do indicate several 
thunderstorms along the Florida east coast and some 
showers and squalls a t  ships well removed from the 
coast, providing additional evidence that the ENE- 
WSW cloud zone is in fact largely cumulonimbi and 
showers. The complementary nature of satellite and 
conventional data is well illustrated here. 

~ 

3 Merritt 1161 shows two TIROS photographs taken on August 20 and 21 (his figs. 3 
and 5 ,  respectively) which are not the same as the ones reproduced in this report but  which 
are from the same TIROS passes and cover much of the same area. He confines his 
discussion to the clouds near Cuba and the Florida Keys, associating them with a weak- 
ened easterly wave in that area. 

4 The geographic overlays to figure 10 and subsequent picture pairs werc derived from 
latitude-longitude grids produced b y  the 7090 computer. The geography was hand drawn 
to agree with the grid lines, and the composite overlay then matched with the picture 
using an overall best-fit technique. Some slight discrepancies may be noticed in the 
location of features common to both irames of a pair, but  the overall fit appears to  be 

reasonably good in all cases. 

The pictures of figure 13 display some evidence of an 
organized pattern in the vertical shear. I n  frame 6 
(left) the clouds over the central Gulf of Mexico appear 
to be sheared off toward the north and northeast, while 
the clouds over the Atlantic in frame 7 (right) have 
plumes extending southeastward and southward. The 
overall pattern of the vertical shear is anticyclonic (in the 
horizontal sense), and is centered roughly over the eastern 
Gulf of Mexico. The shear chart (fig. 15) shows striking 
agreement with this overall pattern. The only noticeable 
exception appears to be near Miami where the northwest- 
erly shear does not agree with the apparent cloud structure 
south of Lake Okeechobee. That  particular cloud ap- 
pears to be feathered off toward the southwest, more 
nearly in agreement with the actual 200-mb. flow than 
with the shear; this would be expected if the cloud were 
tending to remain stationary due to  local effects. 

The pictures of figure 13 also illustrate the possible 
confusion between specular reflection and cloud. I n  the 
picture on the right (frame 7), Lake Okeechobee could 
easily be mistaken for a cumulonimbus cloud (compare 
with frame 6 taken only 30 sec. earlier). Also, in frame 
7, there is a small, very bright spot just northwest of Luke 
Okeechobee which likewise did not appear in frame 6. 
That  bright spot probably is a swampy patch of the 
Everglades. 

Figures 16 through 18 show the situation on August 21. 
The two TIROS pictures for this day (fig. 16) are located 
somewhat southeast of their counterparts on the previous 
day, while the ENE-WSW zone of cumulonimbi and 
showers has moved northward and weakened. Conse- 
quently, only a fringe of that  zone now is seen, it being 
located across the northern edge of frame 5 (right). 

Figure 18 indicates relatively strong northerly shear in 
the region between southern Florida and Cuba. The 
orientation of the large cirrus plumes in the corresponding 
areas of the pictures of figure 16 shows good agreement 
with this; furthermore, the character of the plumes- 
their long feathery southward projections as contrasted 
with the bright sharp-edged northern boundaries of the 
parent cumulonimbi-gives one the definite impression of 
relatively strong shearing action toward the south. Ad- 
mittedly, such inferences about the magnitude of the ver- 
tical shear must necessarily be very qualitative and sub- 
jective, but it is important to note that  these inferences 
sometimes can be made. Fet t  [5] and Fujita [6] have also 
shown examples of TIROS pictures of cumulonimbi em- 
bedded in fields of relatively strong vertical shear. 

I n  frame 3 of figure 16, there also is good agreement 
between the orientation of the plumes over Jamaica and 
vicinity and the quite different westerly shear over Ja- 
maica and Guantanamo, Cuba, shown in figure 18. Un- 
fortunately, these clouds 017er Jamaica and southward are 
seen much less clearly here in figure 16 than in the original 
film strip. 

I n  both regions (the Jamaica area and western Cuba), 
it could be argued that  the cloud orientation agrees equally 
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FIGURE 10.-TIROS V photographs (pass S7S/S77, frames 7, Icft, and 8, right) takcri a t  approsirnatcly IS24 GIIT, August 19, 1962. 

2,2,,9 VERTICAL WIND SHEAR 
w 700-200 M0 

1800 GMT AUG 19. 1962 4 Y 
217,s 232 I10 

FIGURE 12.--Vcctors for thc 700-mb. wind (light lincs), 
200-mb. wind (light arrows), and the vertical shear 
for the 700-200-mb. laycr (hcavy arrows) for 1800 
CMT, August 19, 1962. All vectors are vector mcans 
of thc observations a t  19/1200 GMT and 20/0000 GMT. 

FIGURE 11.-Surface map for 1800 GMT, August 19, 
1062, including sea level isobars and plotted data  (sky 
cover, wind, clouds, and present weather). Remarks 
pertaining to clouds and wcather also are shown. 
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FIGURE 13.-TIROS V photographs (pass 892-direct, frames 6, left, and 7 ,  right) taken a t  approximately 1750 GRIT, August 20, 1062. 

I VERTICAL WIND SHEAR 
700 200 MB 

1800 GMT. AUG 20.1962 

FIGUEE 15.-Vcctors for thc 700-mb. wind (light lines), 
200-mb. wind (light arrows), and the vertical shear 
for the 700-200-mb. layer (hcavy arrows), for 1800 
cnm, August 20, 1062. All vcctors arc vector incans 
of the observatioiis a t  20/1200 cwr and 21/0000 GMT. 

c 

FIGURE 14.-Surface map for lS00 GMT, August 20, 
1962, includii~g sea lcvcl isobars and plotted data  
(sky cover, wind, clouds, and present weather). 
Remarks pertaining to  clouds and weather also are 
shown. 
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FIGURE 16.-TIROS V photographs (pass 906-dircct, frames 3, left, and 5,  right) taken a t  approximately 1715 GMT, August 21, 1962. 

FIGURE 18.-Vectors for thc 700-mb. wind (light lines), 
200-mb. wind (light arrows), and the vertical shear 
for the 700-200-mb. laycr (hcavy arrows) for 1800 
GMT, August 21, 1962. All vectors are vector means 
of the observations a t  21/1200 GMT and 22/0000 QMT. 

FIGURE 1 7.-Surface map for 1800 GMT, August 21,1962, 
including sea level isobars and plotted data  (sky cover, 
wind, clouds, and present weather). Remarks per- 
taining to  clouds and weather also are shown. 
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